Neuropeptides discovered in the brain have close counterparts in other tissues, predominantly in neurons and paraneurons, as well as ectopically in certain sites such as amphibian skin glands (FUJITA et al., 1988; FUJITA, 1989) . The production of peptide/ amine messengers has been recognized immunohistochemically, in some cells which can be regarded as significantly different in nature from the endocrine paraneurons.
These include the atrial muscle cells producing atrial natriuretic peptides, the murine salivary glands -especially their ducts -producing nerve growth factor (NGF), epidermal growth factor (EGF), and many bioactive peptides such as caerulein, bombesin and sauvagine (reviews by ERSPAMER, 1983 and RENDA et al., 1989) .
Immunohistochemical studies from our laboratory have demonstrated the presence of serotonin (5-hydroxytryptamine) and peptides in the endocrine paraneurons of fish epithelia, such as the cutaneous Merkel cells and the neuroendocrine cells of the gill and lung (ZACCONE, 1986; ZACCONE et al., 1989a ZACCONE et al., , b, c, 1991 ZACCONE et al., , 1992a . The results have also revealed the occurrence of ectopic amine/peptide-producing secretory units in fish skin, i. e. the sacciform and club cells (ZACCONE et al., 1986 (ZACCONE et al., , 1987 (ZACCONE et al., , 1988 (ZACCONE et al., , 1990 ; these are unicellular glands with a serous secretion that can be distinguished by the basal or central position of their nucleus, among other characteristics (WHITEAR, 1986 ). The two species of the present investigation do not possess club cells, but have epidermal sacciform cells.
Bombesin and caerulein were first identified in amphibian skin glands of Bombina bombing and Hyla caerulea, respectively; they also occur in the skin of many other amphibians (see ERSPAMER, 1983; ERSPAMER et al., 1984 ERSPAMER et al., , 1986 YOSHIE et al., 1985; SEKI et al., 1989) . Caerulein is the third member of the gastrin/CCK family, isolated by ANASTASI et al. (1968a, b) . Immunocytochemistry was here used to locate serotonin, bombesin and caerulein in the saccif orm cells of two teleost species, Lepadogaster candollei and Mastacembelus erytrotaenia.
MATERIALS AND METHODS

Tissue and tissue preparation
The species used were the marine clingfish Lepadogaster candollei (Gobiesocidae), and the Indian freshwater Mastacembelus erytrotaenia (Mastacembelidae). All fish were anaesthetized with tricaine methanesulf onate (MS 222) diluted 1:1000. Samples of skin were removed from the dorsal and lateral body wall and fixed with 4% paraformaldehyde buffered to pH 7.2 with 0.05M phosphate buffer for 24h at 4C, rinsed in 0.1M phosphate buffer for more than 24h at 4C, dehydrated in a graded series of ethanols, embedded in paraplast, sectioned and stained with hematoxylin/eosin and trichrome staining for light microscopic observations. IGUCHI et al., 1983; SEKI et al., 1989) . The antiserum was diluted 1: 4000.
Procedures
Following deparaffinizing, 5um sections were rehydrated, equilibrated with 0.1M PBS (pH 7.4) and processed for the peroxidase-antiperoxidase (PAP) method (STERNBERGER, 1979) and for the indirect fluorescence technique by CooNs et al. (1955) .
Peroxidase activity was detected using diaminobenzidine 30mg/100ml and H2O2 (0.01%) in PBS for 5min. The specificity of the antisera was established by absorption overnight at 4C with different quantities (10-50ug/ml of diluted antiserum) of their respective antigens. Briefly, immunoreactivity was detected by successive incubation in: 1) specific antiserum at the working dilutions reported above, for 24h in a moist chamber at room temperature;
2) either anti-rabbit IGC (H+L) peroxidase (Chemical Credential ICN, Immunobiologicals, England) 1:00 for 1h or goat anti-rabbit gammaglobulin conjugated with fluorescein isothiocyanate (FITC, Dakopatts, Denmark) 1:100 for 1h in a moist chamber at room temperature.
Blocking studies were carried out by preabsorbing the anti-CCK 10 serum with 20ug/ml of caerulein (Calbiochem). Adjacent sections were processed for immunohistochemistry using preabsorbed and nonpreabsorbed antisera. 
RESULTS
The structure of the epidermis of the species studied was described by ZACCONE (1981a ZACCONE ( , b, 1982a and is shown in Figures 2 and 8 . A diagrammatic representation of the epidermis of Lepadogaster candollei is also shown (Fig. 1) size (Fig. 2) . In Mastacembelus erytrotaenia the mucous goblet cells are smaller and confined to the outer layers of the epidermis. Previous reports (ZACCONE et al., 1986 (ZACCONE et al., , 1987 had shown the presence of serotonin and bombesin-like substances in the sacciform cells of Lepadogaster candollei, by the PAP method. Figure 3 shows a similar result for serotonin, and Figure 4 demonstrates serotonin by immunofluorescence. Figure 5 shows staining by the PAP method for bombesin; the section cuts the necks of some saccif orm cells containing secretion near the skin surface, but there does not appear to be a reaction in the superficial epithelial cells. As can be seen in the figures, the positive reaction is located in the shrunken secretory product of the sacciform cells. Sections from regions adjacent to those with demonstrable immunostaining of the three antisera were used to assess the specificity of the staining. In all instances, a complete loss of immunoreactivity was noted after the control procedures.
DISCUSSION
The present study shows that caerulein, a member of the cholecystokinin-(CCK) family of gut hormones that also occurs in neural tissue (BEINFELD, 1983) , is present in the secretion of the sacciform cells of teleost skin, in addition to the bombesin and serotonin previously detected in some species. Serotonin immunoreactivity also occurs in pulmonary neuroendocrine cells of Polypterus and Protopterus (ZACCONE et al., 1989b, c) .
Bombesin is a peptide having multiple functions in mammals; the biological actions of bombesin in fish are the stimulation of gastric acid secretion and rectal muscle contraction in the sharks, and a role in the regulation of feeding behaviour (review, VIGNA and THORNDYKE, 1989) . In selachians and in bony fish, bombesin-like peptides have been recognized in the endocrine cells and nerves of the intestinal epithelium (HOLMGREN and NILSSON, 1983b; EL-SALHY, 1984; TAGLIAFIERRO et al., 1988 TAGLIAFIERRO et al., , 1991 FARALDI et al., 1990) . According to VIGNA and THORNDYKE (1989) , bombesinlike peptides in lower vertebrates show molecular heterogeneity, with significant differences in structure and function compared with mammalian bombesin. Amphibian bombesin antisera failed to give an immunopositive reaction in the endocrine cells of fish gills (ZACCONE et al., 1992a) .
Most of the studies concerning gastrin/CCK peptides in fish have dealt with their distribution in endocrine cells of the gastrointestinal tract. In the codfish Gadus morhua, a caerulein-like peptide was reported as the main component of the population of gut endocrine cells (LARSSON and REHFELD, 1977) , while in elasmobranchs and cyclostomes, bioassay and immunohistochemical studies revealed the presence of gastrin/CCK-like peptides and caerulein-immunopositive cells in the intestinal epithelium ( VAN NOORDEN and PEARSE, 1974; HANSEN, 1975) . Peptides of the gastrin/ CCK family are not localized solely in the endocrine cells of fish, but have also been reported in neurons in both the peripheral and central nervous systems (NOTENBOOM et al., 1981; HOLMGREN and NILSSON, 1983a, b; BJENNING and HOLMGREN, 1988) . Gastrin, caerulein and related peptides influence gastric acid secretion in some non-mammalian species (JONSSON, 1989) , but the function of caerulein in fish is not known.
Sacciform cells, the object of the present study, are exocrine cells that have varying secretions even within a species (MITTAL et al., 1981; WHITEAR, 1986) . They may be toxic (KODAMA et al., 1985) or contain enzymes (ZACCONE, 1982b) or serotonin and regulatory peptides (ZACCONE et al., 1986 (ZACCONE et al., , 1988 . A previous report (ZAC-CONE et al., 1987 ) that bombesin immunoreactivity occurred in some superficial epidermal cells as well as in saccif orm cells has not been confirmed, and this appearance may relate to the presence of discharged saccif orm cell secretion at the surface of the skin. Saccif orm cell secretions may serve as intraspecific alarm signals in some cases (SMITH, 1986; HUGIE et al., 1991) .
Serotonin and bombesin have been demonstrated also in the holocrine club cells of some teleosts (ZAC-CONE et al., 1990 and unpublished observations) . In ostariophysan fish, club cells are the production site of an alarm substance (not a peptide) which is responsible for the fright reaction, a defensive behavior against predators (PFEIFFER, 1977 (PFEIFFER, , 1982 . In the catfish Plotosus lineatus, club cells contain toxins (SHIOMI et al., 1988) , while in eels they contain hemaglutinin . Endogenous lectins were demonstrated in club cells of cyprinif orm and silurif orm fishes by DANGUY et al. (1991) , as were chondroitin and keratan sulphate by RALPHS and BENJAMIN (1992) . It is probable that the club cells have multiple functions.
The Saccif orm cells provide a closer parallel to the granular glands of amphibian skin, which produce secretions of a repellant nature, or in some species, highly toxic. In Xenopus laevis, the presence of caerulein was demonstrated by bioassay, chromatography and radioimmunoassay (RIA) (INSELVINI, 1975; DOCKRAY and HOPKINS, 1975; DIMALINE, 1983; FLUCHER et al., 1986) , and its coexistence with serotonin in the granular glands by SEKI et al. (1989) . Immunohistochemical investigations revealed the presence of various skin peptides and amines in the skin of other amphibian species, for instance BENNETT et al. (1981) , YOsHIE et al. (1985) , see also ERSPAMER et al. (1984 ERSPAMER et al. ( , 1986 . Thus both amphibian and fish skin secretions can contain large amounts of bioactive peptides and amines similar to mammalian brain-gut peptides (PEARSE, 1976; ERSPMER, 1983) .
Assuming that the primary function of the bioactive amines and peptides is to act as transmitters in neurons and paraneurons, and that the genetic potential to produce them is present in other cell-types, their presence in exocrine glands in two vertebrate groups, not closely connected phylogenetically-i.
e. the teleost fish and the amphibians-suggests that these substances can be put to use in deterrent secretions against predators by independent evolution. The target would then be another organism. However, it remains to be demonstrated whether the substances in question are themselves deterrent, or merely combined with other active compounds. In this case bioactive peptides would promote secretion in the saccif orm cells as demonstrated for some neuropeptides in exocrine glands (LUNDBERG et al., 1980 Biol. 103: 2299 Biol. 103: -2309 Biol. 103: (1986 .
